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Abstract. The Majorana Project, a neutrinoless double-beta decay experiment is described 
with an emphasis on the choice of Ge-detector configuration. 



Experimental evidence of would establish the Majorana nature of neutrinos. The science 
of (5(3 and the large number of experimental and theoretical efforts in the field are described in 
detail, not only in this volume, but also in many recent reviews [H [21 [3l HI O [6] . 

The objective of the first experimental phase of Majorana is to build a 60-kg module of 
high-purity Ge, of which 30 kg will be enriched to 86% in ''^Ge, to search This module is 

referred to by the collaboration as the Demonstrator. The physics goals for this first phase 
are to: probe the neutrino mass region above 100 meV; demonstrate that backgrounds at or 
below 1 count /tonne- year in the Oi//3/3-decay region of interest can be achieved that would justify 
scaling up to a 1 tonne or larger mass detector; and definitively test the recent claim [7] of an 
observation of Oz//3/3 decay in ''^Ge in the mass region around 400 meV. 

The Demonstrator will consist of ^^Ge detectors, deployed in multi-crystal modules, 
located deep underground within a low-background shielding environment. The technique will 
be augmented with recent improvements in signal processing and detector design, and advances 
in controlling intrinsic and external backgrounds. Recently, R&D by the Majorana and 
GERDA [8j collaborations have shown the utility of p-type, point-contact (P-PC) Ge detectors 
for Majorana has been described elsewhere [9t [TT]. so this short note will summarize 
the efforts developing these detectors. 

The efficient commercial production of Ge detectors depends strongly on the yields for 
producing high-purity single crystals of Ge and for producing p-n junction diodes from these 
crystals. Single-crystal boules naturally favor right circular cylindrical geometries, making such 
an obvious choice to make efficient use the precious enriched Ge material. 

Previous-generation (3(3 decay searches in ''^Ge favored detectors made of p-type crystals that 
can be grown more efficiently to larger dimensions than n-type crystals. In addition, charge- 
trapping effects are reduced, and generally slightly better energy resolution is obtained. P-type 
detectors are typically fabricated with a p-|- B-implanted contact on an inner bore hole and an 
n-|- Li-drifted contact on the outside electrode to obtain efficient and full depletion from the 
outside. While the inside B contact is very thin (typically <1 //m) the Li-drifted contact can be 
as thick as 1 mm due to the high mobility of Li in Ge. The thickness of the outside-Li contact 
provides an advantage since this dead layer absorbs a radiation from surface contamination that 
might generate background. 

While the pulse-shape obtained at the central contact in coaxial detectors can provide 
radial separation of multiple interactions in any implementation, pulse-shapes obtained in 
segmented detectors provide improved sensitivity in the radial separation and, more importantly, 
in complementary directions as well. A high degree of segmentation, such as a 6x6-fold 
segmentation, enables the full reconstruction of 7-ray interactions within the detectors. Even 
without absolute event vertex reconstruction, events with multiple energy depositions can be 
identified and rejected. Preliminary results from GRETINA [12j and other highly-segmented 
HPGe arrays indicate that a minimum separation of 4 mm will be achievable. However, these 
advanced capabilities come at the price of a proportionally larger number of small parts such as 
cables and FETs, with their associated additional sources of background. 

An alternative cylindrical detector design has been developed in which the bore hole is 



removed and replaced with a point-contact in the center of the passivated detector face jil3j . 
The changes in the electrode structure result in a drop in capacitance to ~1 pF, reducing the 
electronic noise component and enabling sub-keV energy thresholds. This configuration also 
has lower electric fields throughout the bulk of the crystal and a weighting potential that is 
sharply peaked near the point contact, resulting in an increased range of drift times and a 
distinct electric signal marking the arrival of the charge cloud at the central electrode. These 
features result in an improved pulse-shape analysis (PSA) over semi-coax detectors that rivals the 
performance of segmented detectors. Hence, p-type versions of this configuration are our favored 
choice. Instrumented with modern FETs, P-PC detectors have recently been demonstrated by 
Majorana collaborators to provide very low noise and energy threshold, as well as excellent 
pulse-shape capabilities for distinguishing multiple interactions from single interactions |14| . 

In our R&D efforts, we have studied a large number of detector designs. Many of these 
detectors were custom made to our specifications either by vendors or in-house to explore various 
performance aspects. We studied segmented detectors with a commercial CLOVER detector, a 
custom ORTEC-fabricated [15j enriched-Ge segmented detector (SEGA), a Canberra- fabricated 
highly segmented GRETINA prototype, and a LBNL-fabricated segmented P-PC. We have 
studied passivation issues with a LBNL-fabricated P-PC, and two detectors with various ditch 
geometries fabricated at PHDs [I^. We also modified an n-type detector for surface a-emitter 
studies. Recently, a novel variation on the P-PC detector design has been proposed [I7j which 
makes use of a coaxial hole similar in dimensions to that of a coaxial HPGe detector. In this 
case, however, the hole is part of the outer Li contact. In these coaxial-style P-PC detectors, the 
hole serves to reduce the depletion voltage of a large detector by about a factor of two, allowing 
the use of much longer crystals, and crystals with higher concentrations of electrical impurities. 

Broad Energy Ge (BEGe) detectors [18] are commercially available. These detectors 
share many of the features of P-PC detectors, and generally meet the requirements for the 
Demonstrator. They have been produced with diameters up to 90 mm, but have a shorter 
maximum length of about 30 mm. We have studied a variety of sizes of these detectors. 
We have chosen a BEGe design that is 70-mm diameter, 30-mm high to be the primary 
detector configuration for the Demonstrator due to its cost effectiveness, PSA-background 
rejection capabilities, and simplicity of the contacts. GERDA has also recently reported a BEGe 
study [19]. We have purchased an initial batch of 18 of these detectors. They have an average 
leakage current of 3 pA, capacitance 1.3 pF, and a resolution of 1.8 keV at 1332 keV. 
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